From 1978 to 1983 a total of 328 patients was admitted to Royal Newcastle Hospital Intensive Care Unit with chest injuries; 255 had other injuries as well. Of the 328, 171 developed acute respiratory failure, 174 received mechanical ventilation (159 for acute respiratory failure) and 46 died. The commonest causes of death were head injury (19), sepsis (10) and uncontrollable haemorrhage (10). Associated head (131) and/or abdominal (89) injuries tripled mortality. Those without respiratory, cardiac, renal or hepatic failure (155) had a mortality rate of 5.8% while the remainder had mortality rates of 21.6%, 12.5%,37.5% and 100%, for respiratory (171), cardiac (8), renal (8) and hepatic (5) failures, respectively. Shock was present on admission in 55, of whom 19 died. Sepsis developed in 59 and 14 with this complication died. Sepsis remains a potentially avoidable late cause of death and attention needs to be directed towards limiting invasive techniques of management to those which are necessary, and towards early diagnosis of abdominal injuries with early exploratory surgery. The best chance of survival in the initial phase of injury may lie in the establishment of an integrated regional trauma centre system together with improved pre-hospital and retrieval systems.
mortality rate of those admitted with chest injuries to RNH leu was unchanged between 1968 and 1978. 3 New measures introduced since 1978 have addressed the problem of pre-hospital care of the traumatised patient. These measures include expansion of the N .S. W. Ambulance Paramedic Service and an improved medevac capability for transport of critically ill patients from distant district hospitals with the introduction of a helicopter into the existing leU-based retrieval system staffed by registrars. 12 The hospital reception of severely injured patients was improved by the establishment of a trauma team consisting of intensive care, surgical and orthopaedic registrars who could respond immediately to the management of Anaesll1e.'>ia and 11I/(!l1sil'(! lare, Vol. 13, No. 4, NOI'ember, 1985 these patients. The trauma management plan provided a 'state of readiness' in the accident reception area and operating theatres, and improved communications by using the hospital emergency code to alert team members and free the accident reception area staff to assist in the management of patients.
The purpose of the present study was to examine the impact of these and other measures on the incidence of major complications and mortality of patients admitted to Royal Newcastle Hospital rcu in the five-year period from July 1978 to June 19S3.
MATERIALS AND METHODS

Criteria for Inclusion in Study
On arrival at the accident reception area, inj ured patients were initially assessed and resuscitated by the trauma team and admitted under the care of a senior medical officer. Those who were referred from district hospitals (3SOJo of all admissions to ICU) were retrieved using the rcu retrieval team of designated transport registrar (from the anaesthesia registrar pool) and rcu specialist registered nurse. On these occasions communication by the retrieval team to the ICU specialist medical officer allowed appropriate preparation for the reception of the patient (such as alerting speciality services, preparing operating theatres, CT scan, etc.).
Those who sustained a serious chest injury and who required admission to ICU during their hospitalisation were included in the study. Patients with minor chest injury, requiring no specific therapy other than opiate or non-opiate analgesia, who were admitted to general surgical wards, were not included in the study.
Our previous experience 2 had shown that when injuries were limited to the chest alone, favourable outcome could be expected unless there was aortic laceration. On this basis attention was directed to the prevention or early diagnosis and treatment of complications.
Criteria for Diagnosis of Complications
The following strict, objective criteria were defined for the diagnosis of complications.
Shock on admission was diagnosed using the criterion of a systolic arterial pressure below 70 mmHg.
Sepsis was diagnosed using one or more of the following criteria: I. positive blood culture; 2. neutrophil leucocytosis (white cell count >15,000/dl) and fever (temperature >3S.0°C); 3. intra-abdominal sepsis (peritonitis and/or collection of pus); 4. respiratory sepsis defined by cough, fever and purulent sputum (positive bacterial culture); and/or chest x-ray evidence of lung parenchymal infection; and/or thoracic empyema; 5. wound infection requiring surgical intervention.
Acute respiratory failure was diagnosed when one or more of the following criteria was satisfied: 1. obvious respiratory distress with or without cyanosis; 2. hypoxaemia (P a o 2 <50mmHg) with F,02=0.21; 3. hypercarbia (PaC02 >50 mmHg); 4. deterioration such that 2 and 3 were anticipated in 24 hours in the absence of direct intervention. Causes of respiratory failure were not sought.
The criterion for significant renal failure was the requirement for haemo-or peritoneal dialysis. Patients with pre-renal azotaemia and/or an elevated serum creatinine level who improved with appropriate fluid therapy, haemodynamic support with inotropic agents, or diuretics, were not included.
Cardiac failure was diagnosed using the following criteria: I. normovolaemic systemic hypotension (systemic systolic arterial pressure <SO mmHg) of primary cardiac origin and requiring inotropic agents to improve haemodynamic status; 2. persistent cardiac dysrhythmias with a systemic arterial pressure of less than SO mmHg and which required repeated and frequent anti-arrhythmic intervention (e.g. ventricular tachycardia, heart block); 3. pericardial tamponade associated with a systemic arterial pressure of less than SO mmHg.
Hepatic failure was diagnosed in those with persistently abnormal liver function tests due to direct hepatic disease. Transient abnormal liver function tests which returned to normal without speci fic therapy were the rule rather than the exception, and patients with these findings were excluded from this diagnosis.
Management
After necessary surgical and diagnostic procedures were performed, all patients were admitted to the rcu under the direct care of a senior intensive care specialist. They also remained under the care of the relevant surgical specialist and were seen in consultation by a thoracic physician. Consultations by relevant senior specialists (nephrologists, cardiologists, gastroenterologists) were requested when appropriate.
Supportive measures (oxygen therapy, etc.)3.6 were established on admission and analgesia was provided by intravenous narcotic infusion or epidural neural blockade. 5 Drainage of pneumothorax and haemothorax was performed and frequent chest phsysiotherapy instituted in order to improve and maintain adequate alveolar ventilation.
Artificial ventilation was instituted if the above conservative management failed or was likely to fail. As well, patients with head injury but not significant respiratory difficulty were also ventilated as part of their head injury management. The preferred method of ventilation for those in respiratory failure was intermittent mandatory ventilation 10 with positive end-expiratory pressures which was adjusted in concert with the inspired oxygen concentration in order to correct hypoxaemia.
For those likely to be ventilated for more than six days the preferred method of airway access was tracheostomyll using the Bjork operation which was performed as an elective procedure in the operating theatre under general anaesthesia. Tracheostomy was also performed solely for airway access in some patients with faciomaxillary or head injury. Those who were likely to require only a short period of ventilation (less than 6 days) were managed using an oral endotracheal tube.
Early mobilisation of the patient was encouraged; however, in those likely to be confined to bed for several or more days and in the absence of contraindications (including vertebral fractures, bleeding disorders, etc.), low dose heparin (500 units/hr) was commenced intravenously. RESULTS A total of 328 patients with chest injuries were admitted to Royal Newcastle Hospital ICU during the five-year period between July 1978 and June 1983. Of these, 171 (52.1070) developed acute respiratory failure, 174 (53070) received mechanical ventilation and 46 (14070) died. A further 112 patients with a minimal chest injury admitted to general surgical wards were excluded from the analysis.
Nature of Chest Injuries
Blunt trauma caused closed chest injuries in 316 patients and 12 patients sustained open chest injuries due to penetrating stab (10), gunshot (1) and other (1) wounds. A flail segment was present in 77 patients, pneumothoraces in 165 and haemothoraces in 109 (Table 1) . A left chylothorax developed as a late event in one patient who sustained an injury to the base of the neck and clavicle due to a timber beam which also ruptured the left subclavian artery and disrupted the left brachial plexus causing complete palsy. Another six patients sustained a ruptured thoracic aorta. Two of these died within one hour of admission, one was transferred to another hospital where the aorta was repaired but paraplegia ensued and the remaining three survived repair at Royal Newcastle Hospital. One of the latter who presented with hypotension, left haemothorax, widened mediastinum and paraplegia remained paraplegic following repair.
Associated Injuries
Only 73 patients had a chest injury without other Injuries. Chest Injuries were most commonly associated with skeletal injuries; 187 patients sustained long bone and pelvic fractures, 33 vertebral column fractures and 50 faciomaxillary injuries (Table 2) .
One patient with T8,9 vertebral fractures also sustained a spinal cord injury resulting in paraplegia. Head and abdominal injuries were more prevalent in those who developed acute respiratory failure (Table 2 ).
Major Complications
The most common major complication of chest injury was acute respiratory failure (171) and 159 of these required mechanical ventilation. Of the fifty-five patients who were Thoracic epidural neural blockade was used in 50 patients using either bupivacaine 0.25070 solution and/or morphine sulphate 3-5 mg in 0.9070 NaC1 10ml for analgesia. Twelve patients with respiratory failure were successfully managed in this way without need for mechanical ventilation. A total of 174 patients required mechanical ventilation, 159 of these for respiratory failure and the remainder as a part of their head injury management. The average duration of ventilation was 9 days. Tracheostomy was performed in 104 patients and 70 were intubated with an oral endotracheal tube as a means of access for artificial ventilation.
Causes of Death
By far the commonest single cause of death was head injury (19) (see Table 4 ). Sepsis leading to respiratory (3) and renal, cardiac and hepatic failure (7) and uncontrollable haemorrhage (10 patients, 2 with ruptured aorta and 8 with massive multiple injuries) remained as significant causes of death. Pulmonary embolism caused the death of four patients as early as four days and as late as 23 days after mJury. None was recelvmg prophylactic heparin therapy, all were over 50 years of age, two had minor chest injuries, three had lower limb fractures and one had sustained severe head, chest, abdominal and orthopaedic injuries. One patient died 30 days after injury from the consequences of global brain ischaemia resulting from a cardiac arrest due to althesin anaphylaxis on the third day of admission. Death was considered to be Intermediate(b) Late (c)   0  3  3  0  0  2  5   II  19  1  6  7  3  0  8  3  4  7  12 24 46 unavoidable in 29 (head Injury and uncontrollable haemorrhage categories).
Mortality Rates
The overall mortality rate for all 328 patients was 14070 but in those with chest injuries but without head or abdominal injuries (135) the mortality rate was only 6.7070 (Table 5 ). Those with associated head or abdominal injuries or both had significantly increased mortality rates ( Table 5 ).
Both the youngest (aged two years) and the oldest (81 years) in the study died. Mortality rates increased at both extremes of age (Table  6 ). Those aged between 16 and 20 years (49) were notable for their high mortality (12 deaths). The presence of pre-existing diseases had no significant influence on mortality in this study; it did however influence management. Mechanical ventilation was required earlier and more often in those with pre-existing cardiac or pulmonary disease.
Patients without respiratory, cardiac, renal or hepatic failure (155) had a mortality rate of only 5.8070 (Table 7 ). The occurrence of major organ failure resulted in a more than threefold increase in mortality. Nineteen of the 55 patients with shock on admission died (34.5070) 
DISCUSSION
In 1956, Avery, Morch and Bensoni1 described the use of positive pressure ventilation in the management of the crushed chest, thus introducing a rational approach to the treatment of respiratory failure following chest injury. The advantages of positive pressure ventilation were soon recognised and acute respiratory units first established to treat victims of poliomyelitis were soon employed for patients with respiratory failure from pulmonary and mechanical causes.
Management of severe chest injuries in intensive care units has halved mortality.' However, the results of the present study show that despite increasing understanding of the pathophysiology of respiratory failure and expanded management options, mortality rates have not significantly changed ( that failure to improve outcome may be due to improved retrieval systems and regional trauma centres with expertise in trauma management. Thus patients with massive injuries are now surviving to hospital but nevertheless their injuries prove to be untreatable. There is evidence to support this view in the present study with the increased number of patients with associated head and other severe injuries who were referred from district hospitals for specialised care at Royal Newcastle Hospital. Thus, there was a twofold increase in the number of deaths from head injury in the present study when compared with previous studies. 2 Nevertheless, improved pre-hospital and reception systems have benefited the occasional patients with massive trauma and this is reflected, for example, in the improved survival in the small group of patients who reach hospital alive with rupture of the thoracic aorta. While New South Wales State legislation (seat belt, random breath tests) has reduced overall road trauma deaths, the large number (49) and high mortality (250,70) of 16 to 20 year old patients in the present study is of particular social concern. On the whole, these patients were more likely to sustain multiple head, chest and skeletal injuries due to high speed accidents. This age group has traditionally been recognised as a high risk group but the high youth unemployment in the Hunter Region in recent years may have exacerbated this problem. Thus this group is identified as one where accident prevention education and stricter licence laws should be directed. The rational distribution of hospital resources also needs examination. American [15] [16] [17] and West German 18 experiences have demonstrated the clear advantage of regional trauma centres in reducing overall mortality from trauma. Concentration of medical expertise in strategic designated hospitals, coupled with paramedic services covering urban areas and registrar-staffed aeromedical retrieval for rural areas should be considered as a means to reduce the number of early deaths after trauma.
Intensive care management must be directed at the prevention of late and potentially avoidable deaths. The association between sepsis and respiratory, renal and hepatic failure and poor outcome is significant. Improvements in respiratory and other life-support techniques have meant that prolonged and sometimes futile management of some patients who in the past may not have been treated has changed the clinical pattern in intensive care units and affected results.
The late development of sepsis, particularly in those with abdominal injuries, may be an area where there is potential for improvement in outcome. Sepsis related to invasive methods of management 19.20 may have serious consequences in those with chest and abdominal injuries 21 • 22 , following shock and trauma. 23 Invasive haemodynamic monitoring has been reported 19, 20 to lead to an increase in the incidence of sepsis which might explain the failure of these techniques to improve overall outcome in intensive care. 24 However, in the present study, invasive haemodynamic monitoring was limited to an occasional occurrence and therefore cannot be implicated as a source of sepsis. We are currently investigating other invasive methods of management; (intubation, tracheostomy, epidural catheter, etc.).
Early diagnosis of abdominal hollow viscus injuries may reduce the risk of developing abdominal sepsis which, when it occurs, requires aggressive surgical drainage and abdominal lavage to give the patient the best chance of survival. When multi system failure occurs as a late consequence of injury, or system failure persists, then abdominal sepsis should be suspected and diagnostic procedures, including laparotomy, performed to confirm or deny this suspicion. 25 Nutritional therapy should be instituted early in order to prevent protein-wasting associated with the hypercatabolic state following trauma.
Thus while intensive care has reduced overall mortality from chest injury, particularly death due to respiratory failure, new directions need to be taken if mortality is to be further reduced. These efforts should be directed at improving the delivery of medical care through regional trauma centres to reduce early deaths and intensive care management which takes as its primary aim the prevention of sepsis. 26 Unit for the skilled care and dedication they have applied for the well-being of their patients.
